emotional conditions has been organized primarily in the context of three conceptual approaches: muscle activation (e.g., Chen & Bargh, 1999) , distance regulation (e.g., Neumann & Strack, 2000) , and evaluative response coding (e.g., Eder & Rothermund, 2008) . Despite emerging support for each of these perspectives, current understanding is collectively limited by (a) inconsistencies in the operational definition and acceptance of inherent congruence between movement type (i.e., flexion vs. extension) and movement direction (i.e., toward vs. away from stimuli), (b) disagreement on the degree to which upper extremity behaviors increase or decrease distance of the self (or a representation of the self) to (or from) the emotional stimulus, and (c) acceptance of the necessary conditions concerning explicit/conscious labeling of affective responses, respectively. Finally, with few exceptions (e.g., Coombes et al., 2008; Coombes, Corcos, Sprute, & Vaillancourt, 2010; Coombes, Corcos, & Vaillancourt, 2011) , work using upper extremity movements has been almost exclusively reliant on reaction time (RT) measures to draw inferences concerning behavioral modulation by emotion.
Emotion Modulation of Whole-Body Motor Tasks
Considering the limitations of prior work, researchers have recently turned to whole-body movements to assess the relationship among motivation, emotion, and movement parameters. Quiet standing tasks have been used to determine the effects of emotional states on global approach versus avoidance actions (e.g., Azevedo et al., 2005; Facchinetti, Imbiriba, Azevedo, Vargas, & Volchan, 2006; Hillman, Rosengren, & Smith, 2004) . These studies have aided in determining how emotions affect the capability to stand still, but during quiet standing tasks, participants do not prepare to move, nor do they initiate movement toward or away from emotional stimuli. Such tasks therefore render it difficult to determine whether postural changes associated with movement planning or control are affectively modulated and, if so, to what degree.
Empirical efforts have recently focused on alleviating this limitation by evaluating the influence of emotion on directional movements using unambiguous approach tasks such as gait and gait initiation (Gélat, Coudrat, & Le Pellec, 2011; Michalak et al., 2009; Naugle, Hass, Joyner, Coombes, & Janelle, 2011; Naugle, Joyner, Hass, & Janelle, 2010; . Postural changes associated with whole-body motor actions provide preparatory indices of overt movement (Brenière, Do, & Bouisset, 1987) . Implementation of whole-body movements has allowed researchers to overcome inferential limitations associated with the use of upper extremity and quiet standing tasks. Moreover, this work has emphasized analysis of movement characteristics that provide a more comprehensive picture of emotion's impact on motor function than is possible through RT measurement alone. Kinetic analysis of whole-body actions, in particular, offers a unique tool for investigating whether emotions impact the ability to maintain directional force control, given that whole-body movements have unambiguous directional properties. Critically, however, the whole-body movements studied to date have largely lacked set task constraints, preventing clear determination of how emotions impact target-directed behaviors.
The Present Study
How emotions affect controlled whole-body movements directed toward or away from affective stimuli remains unknown. We sought to determine how emotional reactivity would impact a sustained whole-body movement that required maintenance of an approach-oriented posture. To fulfill this aim, we assessed participants' ability to maintain a target center of pressure (COP) displacement while exposed to emotional stimuli through picture presentation. Error relative to the target was quantified (through kinetic analysis) to interpret the impact of emotional state on the capability to maintain the anterior postural position.
Predicted differences in movement error during performance of our postural control task reflect careful consideration of the valence and motivational qualities of the affective stimuli that were presented. Inferences concerning the behavioral predispositions of emotion that are founded solely on the relative pleasantness (valence) of a stimulus may be inappropriate (Carver & HarmonJones, 2009) . A growing body of behavioral (Carver, 2004; Coombes et al., 2007; E. Harmon-Jones, 2003; C. Harmon-Jones, Schmeichel, Mennitt, & Harmon-Jones, 2011; E. Harmon-Jones & Sigelman, 2001 ) and neuroimaging (E. Harmon-Jones, 2004; E. Harmon-Jones, Lueck, Fearn, & Harmon-Jones, 2006; van Honk & Schutter, 2006) literature suggests that affective valence and motivational direction should be considered orthogonal components of emotional reactivity. Anger is perhaps the most prominent example of a discrete emotion that is characterized by incongruent valence (unpleasant) and motivational direction (approach) properties (E. Harmon-Jones, Gable, & Price, 2011; C. Harmon-Jones et al., 2011) , but fear is another unpleasant emotion that can foster approach behaviors. The "fight or flight" response mobilizes the body's resources to either confront or avoid threats in the environment (Cannon, 1929) , and organisms will defend themselves through aggression when there is no longer the option to flee from a threat (Blanchard & Blanchard, 1994; Bradley, Codispoti, Cuthbert, & Lang, 2001a) . Similar to anger, approach behavior (i.e., fight) in a defense-motivated fear response is incongruent with the perceived pleasantness of the threat stimulus.
According to a valence-based interpretation, unpleasant emotional stimuli facilitate withdrawal behaviors and pleasant stimuli facilitate approach behaviors. In the context of our postural control task, if hedonic valence is the primary influence on movement direction, then exposure to unpleasant images (attack, mutilation, contamination) will result in participants leaning away from the images, subsequently reducing the anterior COP displacement. Additionally, exposure to pleasant image categories (erotica, happy faces) will cause participants to lean toward the images, increasing their anterior COP displacement. An alternative account is also feasible when considering the unique motivational characteristics associated with this anterior postural-control task (i.e., the forward, approach-oriented lean) and temporal effects of the emotional stimuli. Embodiment perspectives (e.g., Niedenthal, Winkielman, Mondillon, & Vermeulen, 2009) , coinciding with emerging behavioral approach research (e.g., E. , have suggested that body position may alter the evaluation of emotional content. If motivational direction is more salient during picture presentation, then emotional stimuli will motivate behavioral responses that override valence-specific effects due solely to the pleasantness of image content. Specific to the current study, participants may favor a "fight" response in reaction to threat (attack) stimuli, due to their approach-related controlled position prior to image onset. Such responses would lead to attenuated COP decay in the posterior direction, and this may be evidenced by increased error in the anterior direction during picture presentation. Consistent with the second hypothesis, we expected that the salience of motivational direction to predict behavioral responses.
Method Participants
Forty-three undergraduate students (25 females, mean [M]) age ϭ 20.8 years, standard deviation [SD] ϭ .95; 18 males, M age ϭ 20.59 years, SD ϭ 1.23) from the university community participated in this study for extra course credit. Participants reported no lower-extremity injuries in the past 6 months or neurological disorders that would affect movement. Written informed consent to all procedures was obtained prior to testing.
Procedure
Upon arriving to the laboratory, participants completed an informed consent form approved by the University of Florida's Institutional Review Board and a battery of self-report assessments, including demographics, the state form of the State Trait Anxiety Inventory (STAI; Spielberger, 1983) , the state version of the Positive and Negative Affect Schedule (PANAS; Watson, Clarke, & Tellegen, 1988) , and the Beck Depression Inventory (BDI; Beck & Steer, 1987) . After obtaining written informed consent, participants stood bare-footed approximately 4.25 m from a projector screen (1.96 m ϫ 1.32 m; 1024 ϫ 768 resolution; 100-Hz refresh rate). Their natural foot position was established and marked on the force plate to ensure that starting COP position did not change throughout the experiment.
Prior to the experimental trials, participants were measured for their baseline standing COP and maximum voluntary lean (mm) in the anterior direction. During the maximum voluntary lean procedure, participants were instructed to "lean as far forward as possible without bending your hips or knees" on hearing an audible tone, and then to relax on hearing a second tone. Additionally, participants were instructed that, during all experimental procedures, their "arms should remain at their side and their heels should remain on the floor." Participants completed three consecutive maximum voluntary lean trials with a 15-s rest period between each trial. Ground reaction forces (GRF) were collected at 100Hz using a Bertec force platform (Bertec, Newton, Massachusetts; size 60 ϫ 40 cm), which was mounted flush with the laboratory floor. The greatest 10 COP displacement samples from each trial were averaged, and the maximum voluntary lean value was computed as the average of the means obtained from each of the three trials. This value was then used as the reference for computation of each participant's target COP.
Following the establishment of a maximum voluntary lean, participants were given instructions for the postural control trials and completed five unique practice trials, followed by 49 experimental trials free of experimenter interaction. Figure 1 portrays the experimental task and an example COP trace. During the practice and experimental trials, COP displacement relative to the target COP was displayed on a 3.3-m ϫ 2-m projection screen located 4.5 m in front of participants using an NEC NP 115 digital projector. A rear-projection setup was utilized as to interfere with participants walking forward towards the screen. Participants viewed a white stationary horizontal target bar (which was positioned at 50% of maximum voluntary lean) located center screen and a black horizontal bar toward the bottom of the screen that represented the real-time COP displacement. Each bar (1024 ϫ 20 pixels) spanned the width of the screen. At trial onset (marked by appearance of a white target bar and black COP bar), participants produced a lean in the anterior direction to match their real-time COP with the target COP on the screen. This visual feedback was presented for 7 s. Following this initial 7-s period, the visual feedback was occluded on 42 experimental trials, during which an image was presented for 6 s. Participants were instructed to maintain the 50% target level of COP displacement as accurately as possible throughout each 13-s trial, though feedback was occluded by an image. Custom Labview software (LabVIEW 8.6; National Instruments, Austin, Texas) sampled the real-time COP trace at 100Hz.
Photographs were selected from the International Affective Picture System 1 (IAPS; Lang, Bradley, & Cuthbert, 2008) . These pictures represented six affective categories: (a) attack, (b) mutilation, (c) contamination, (d) erotic couples, (e) happy people, and (f) neutral objects. Pictures were selected according to affective normative ratings (National Institute of Mental Health (NIMH), Center for the Study of Emotion (CSEA), Lang et al., 2008) . In addition, seven trials with constant feedback and no picture were included as a control condition. Pictures were 127 cm ϫ 91 cm and 1024 ϫ 768 pixels (see Figure 1 ). Stimulus presentation and order were randomized and counterbalanced across participants. A custom LabVIEW program (LabVIEW 8.6; National Instruments) controlled trial onset, offset, visual stimulus presentation, and COP feedback, while also collecting and streaming raw data files to disk.
A computerized 9-point version of the self-assessment manikin (SAM; Lang, 1980) was used to obtain subjective ratings of valence and arousal at the conclusion of testing. Upon completion of all experimental procedure, participants were fully debriefed.
Data Reduction and Dependent Measures
Time-series COP data were digitally filtered using second-order Butterworth filtering with a low-pass filter (LPF) of 50Hz. To attain a visual illustration of the data, the representative grand mean COP trace for all participants was determined by averaging participants' COP scores within each emotion condition, using a weighted system based on individualized maximum voluntary lean scores. Raw COP scores were transformed into error scores by splitting each trial into seven sequential 1-s epochs, beginning 1 s prior to picture onset and concluding with the offset of each respective IAPS image. In motor control tasks, error defines the distance between the participants' output and the target output. Directional error can only be interpreted if it is operationally defined by the task goal. Furthermore, directional error must correspond to a change in distance to emotional content to make clear conclusions regarding motivational characteristics attributable to stimuli presentation. Due to the inherent directional nature of this postural control task, we were able to define both an error magnitude score (root-mean-square error [RMSE] : average distance from the target) and a directional error score (constant error [CE] : distance away from the target in the anterior and posterior direction). If participants overshot the target COP, their error score was positive and said to be in the anterior direction. Alternatively, undershooting the target resulted in error in the posterior direction and a negative error score. The outcome scores derived for each emotion condition represent an average of the seven trials for that picture type.
RMSE. For each data point, the numeric distance between the target COP position and the actual COP position was squared and averaged within each 1-s epoch (100 samples). The mean square error was first computed and then the square root was taken such that 1 RMSE value corresponded to each epoch.
CE. For each data point, the numeric distance between the target COP position and the actual COP position being maintained was calculated. The direction of error was therefore retained (i.e., Ϯ). For each 1-s epoch (100 samples), CE was derived by computing the mean of these 100 samples.
Change scores for both RMSE and CE were created, representing the change in movement during each affective category relative to the neutral category (calculated as affective categoryneutral category, per Fox, 2002) . Change scores were computed for each epoch over the experimental trial period. Positive values indicate the score for the affective category was greater relative to the neutral category at that epoch, while negative scores indicate a reduced value for the affective category relative to the neutral category. Change scores were used for all statistical analyses on RMSE and CE.
Statistical Analyses
To determine whether performance was similar across emotion conditions prior to image onset, RMSE data-representing the deviation of the COP position relative to the target for 1 s prior to picture onset-were analyzed in a two-way Gender (male, female) ϫ Emotion Condition (attack, mutilation, contamination, erotic couples, happy faces, control) mixed design analysis of variance (ANOVA). Gender was included as a factor in the analysis due to previous research suggesting a gender bias in response to unpleasant emotional stimuli, with females generally showing increased reactivity compared with their male counterparts (Brad- ley, Codispoti, Sabatinelli, & Lang, 2001b; Hillman et al., 2004) . Due to its directional nature (Ϯ), CE cannot distinguish differences in the magnitude of error due to the possibility of both positive and negative error away from the target, canceling each other out. Consequently, RMSE was favored as a global index of how well participants performed prior to picture onset. Following picture onset, RMSE and CE change scores were each analyzed in separate 2 (Gender: male, female) ϫ 6 (Emotion Condition: attack, mutilation, contamination, erotic couples, happy faces, control) ϫ 6 (Time: epoch 1, 2, 3, 4, 5, 6) ANOVAs with repeated measures on Condition and Time. For significant interactions (both RMSE and CE), planned comparisons were performed across levels of Emotion Condition within each epoch using paired t tests. Paired t tests were conducted to detect differences between the normed IAPS ratings of valence and arousal and participants' ratings following the experiment.
Trials with RMSE scores that were Ϯ3 standard deviations from the mean RMSE during the last second of feedback presentation were treated as outliers and removed. This resulted in the removal of 0.77% of all trials. In addition, one participant was removed from the SAM analyses due to the lack of SAM data for IAPS images. For all ANOVAs, if the sphericity assumption was violated, then the Greenhouse-Geisser degrees of freedom corrections were applied. For all analyses, the probability value was set at p Ͻ .05. Table 1 presents the means and standard deviations for demographic data. All demographics were normally distributed, and no variables were found to have outliers Ϯ3 standard deviations from the mean. T tests conducted between males and females, revealed no significant gender differences. Additionally, participants reported similarly low levels of trait anxiety (females, M ϭ 29.33, SD ϭ 3.38; males, M ϭ 27.40, SD ϭ 3.29) from the State-Trait Anxiety Inventory (STAI; Spielberger, 1983) and similar maximum voluntary lean scores (females, M ϭ 139.73, SD ϭ 22.00; males, M ϭ 137.51, SD ϭ 26.73). Figure 2 illustrates a scaled view of grand mean COP data during the 6 s of image presentation. In response to all emotional pictures, participants initially produced a posterior postural sway, although only the attack and mutilation conditions exhibited a subsequent anterior sway back to their original COP position (see Figure 2 ). Figure 3 presents the average RMSE scores for all participants averaged across conditions. Baseline analysis of RMSE during the last second of feedback presentation revealed that performance did not significantly differ between emotion conditions and the control condition, F (5, 200) Figure 3) . Figure 4 presents Figure 5 presents averaged CE scores, representing directional error, for each experimental condition across the 6 s of picture presentation. Figure 6 presents the CE change scores that were statistically analyzed during picture presentation. During control trials (constant feedback), participants favored a COP position past the target, using posterior postural corrections to maintain their position. CE scores did not differ significantly over time, maining 4 s of the trial (all ps Ͻ.05). Additionally, the attack condition showed greater CE scores compared with the mutilation, contamination, and erotica conditions during the 3rd, 4th, and 5th epochs of picture presentation (see Figure 5 ), but only greater CE scores compared with the mutilation and contamination conditions during the last second of the trial (all ps Ͻ.05). Finally, during the 2nd epoch of picture presentation, the change scores for the happy condition showed greater CE compared with the erotica and mutilation conditions and greater CE scores during the 3rd epoch for only the erotica condition (all ps Ͻ.05).
Results

RMSE
CE
SAM Ratings
Tables 2 and 3 present both normed IAPS ratings of arousal and valence and the participants' ratings following the experiment. Higher values indicate increased ratings of arousal and increased pleasantness (the scale was from 1 to 9). Compared with normed ratings (Lang et al., 2008) , participants' ratings of valence in this study were less extreme, as exhibited by increased pleasantness toward negative images and decreased pleasantness toward positive images. Additionally, participants had decreased ratings of arousal for all image cate- Figure 2 . Grand mean center of pressure (COP) traces representing the 6 valence categories (attack, happy, neutral, erotica, contamination, and mutilation) and the control condition (full feedback). COP traces within each category are weighted, based on individualized maximum voluntary lean scores, and then averaged across all participants to be on one scale. Immediately following picture onset, participants produced a posterior postural sway away from their target COP displacement and the image. This postural shift was qualified by a preparatory anterior COP loading. Following this posterior shift, participants either displayed steady decay in COP for the remainder of the trial (e.g., Erotica) or produced a reactionary anterior shift back to their original COP position prior to feedback occlusion (e.g., Attack). gories compared with normed IAPS ratings (all ps Ͻ.001). Univariate tests were conducted to assess the effects of gender on IAPS ratings. While female participants rated all image categories, except for erotica, as more arousing than male participants, none of these effects were significant (all ps Ͼ.05). Female participants rated all unpleasant categories (attack, mutilation, and contamination) more unpleasant compared with male participants, but this effect was only significant for mutilation, F(1, 40) ϭ 11.090, p ϭ .002, 2 ϭ .217. In addition, female participants rated erotica images significantly less pleasant than males, F(1, 40) ϭ 4.260, p ϭ .046, 2 ϭ .096, and happy faces significantly more pleasant than males, F(1, 40) ϭ 6.820, p ϭ .013, 2 ϭ .146.
Discussion
Recent empirical efforts have advanced understanding of how emotional valence, arousal, and motivational direction affect the motor planning and control processes that underlie movement execution. Questions remain, however, concerning the impact of emotional state on the ability to control targeted movements that have unambiguous directional properties. We addressed gaps in the literature by studying how emotion influenced performance of a whole-body postural task that mandated control of anteriorly directed lean to a specific target. Four primary findings emerged from this investigation: (a) initial posterior postural responses to image presentation were produced in all affective conditions; (b) deviation of the center of pressure position relative to the target was not differentially affected by image content; (c) participants produced the greatest directional error in response to attack stimuli compared with all other emotion conditions, characterized by increased anterior postural reactions immediately following picture presentation and increased anterior center of pressure position over the remainder of the trial; and (d) no differences existed between males and females in the magnitude or direction of error during picture presentation. Each of these findings is elaborated considering the likely affective and biomechanical mechanisms that underlie them.
Postural Responses to Picture Presentation
In response to picture presentation, participants produced an initial posterior postural sway away from the image, which occurred across all emotion conditions. Because no differences were identified between conditions, this initial movement could be interpreted as a broad visual orienting response to picture presentation, irrespective of affective content (Hillman et al., 2004) , as well as interruption of the dominant strategy for performance of the lean task. Participants uniformly overshot the target COP displacement during feedback, producing small posterior corrections to maintain their position. This eccentric muscle control strategy (overshooting the target with small posterior postural corrections) was steadier and helped to consistently maintain COP over the target. The removal of feedback may have also led to posterior postural shifts, as participants could no longer maintain their current COP position without constant visual feedback, thereby diverting attention from the overshoot strategy and leading to a natural sway back to the equilibrium point. Contrasting our findings to quiet standing investigations (e.g., Azevedo et al., 2005; Facchinetti et al., 2006; Hillman et al., 2004) , participants were instructed to maintain the anterior COP target even after feedback was replaced by an image; therefore, our posterior postural shifts represented a deviation from the task goal.
Emotional Effects on Error Magnitude and Direction
We predicted that deviation of the COP position (RMSE) to the target would not be differentially affected by image content, but that each emotional condition would impact error direction toward or away from stimuli as a function of the motivational properties of the image type. Participants reached a steady level of performance during the moments prior to picture presentation and maintained that error in Figure 6 . Constant error (CE) change scores averaged across all participants. Positive scores indicate greater CE compared with the neutral condition, and negative scores indicate lower CE compared with the neutral condition. Feedback occlusion, coinciding with picture onset, is delineated with a dashed line. the control condition. Once feedback was occluded, error magnitude increased over time (a moderate effect); however, no emotional category showed deviations from the neutral category. Following feedback occlusion, small to moderate effect sizes were seen for comparisons across emotion conditions, which revealed that pleasantness of each image condition did not uniformly predict error direction. Two unpleasant conditions (mutilation and contamination) exhibited lower CE scores compared with the happy condition; however, CE scores for the attack and erotica conditions did not produce COP displacements, fitting with a valence-driven hypothesis. Interestingly, participants in the erotica condition exhibited similar CE scores to the mutilation condition, particularly during the last 5 s of picture presentation. Although these two conditions had the highest ratings of arousal, the similarity in CE scores is difficult to reconcile due to erotica images producing the second highest ratings of pleasantness, as indexed by SAM ratings. The presentation of erotica and mutilation images typically prompt incongruent physiological and behavioral responses (Bradley et al., 2001a) . Furthermore, previous lower extremity work has found erotica images to facilitate approach motivation compared with unpleasant visual stimuli (Naugle et al., 2011; Naugle, Joyner, et al., 2010) , so it was reasonable to assume that this affective condition would encourage participants to lean toward the target, and possibly even past it, following feedback occlusion. However, it is also possible that the motivational properties of erotica images, although highly arousing and pleasantly valenced, are subject to the same environmental constraints as affective stimuli evoking threat, anger, and disgust. It has been suggested that images of couples engaging in sexual situations may not encourage the same approach motivations as images of attractive opposite sex nudes, even though both stimuli are pleasantly valenced (Hillman et al., 2004) . Unpleasant emotional states (e.g., fear, anger) can encourage approach behaviors under the right environmental or task constraints, but these data indicate that, conversely, pleasant emotional stimuli can encourage context-specific withdrawal behaviors. Further research is warranted to examine specific task constraints and environmental contexts in which arousing, pleasantly valence stimuli can either encourage withdrawal behavior or even inhibit approach behavior.
The greatest CE was found during the attack condition, indicating that participants leaned farthest forward (positive error) during presentation of these stimuli. This result is in opposition to a valenceoriented explanation but is consistent with a motivational-direction interpretation. High arousing, unpleasant visual stimuli have been shown to encourage withdrawal and avoidance behaviors during gait initiation and steady-state gait (Naugle et al., 2011; Naugle, Joyner, et al., 2010; , while also producing both freezing (Azevedo et al., 2005; Facchinetti et al., 2006; Roelofs, Hagenaars, & Stins, 2010) and avoidance/withdrawal behaviors during quiet standing (Hillman et al., 2004) . Consistent with the defense-cascade model (Lang et al., 1997) , freezing responses are an adaptive defense behavior when humans and other complex animals are presented with a threat in their environment. We acknowledge that one method of completing the current task was to cocontract agonist muscles to produce rigidity in the lower extremity. Postural freezing, previously found in the mediolateral (Azevedo et al., 2005; Facchinetti et al., 2006) and anteroposterior directions (Roelofs et al., 2010) , could explain the improved performance participants exhibited during exposure to threat content. However, freezing does not explain the greatest posterior postural sway from the target COP found during exposure to mutilation images. Our findings are most consistent with a motivational account in which the disgust reaction in response to mutilation images interfered with participants' ability to maintain the target center of pressure position.
It is important to remember that this task required participants to maintain a position at 50% of their maximum voluntary anterior lean during the feedback period, placing participants in an unambiguous approach position before the emotional stimulus was presented. We expected that such positioning would likely affect the directional impact of emotional reactions, particularly under threat conditions, given the directionally opposite behavioral responses that occur in response to threatening environmental cues. The attack images themselves were clearly unpleasant, as indexed by the SAM ratings, but the unique anterior task constraints in this experiment may have predisposed participants to confront, rather than avoid threatening image content. This change in the interpretation of emotional stimuli could be explained as an "operant evaluative conditioning effect" (De Houwer, 2007; Woud, Becker, & Rinck, 2008) . Evaluative conditioning (De Houwer, 2007) refers to changes in the perception (valence) of one emotional stimulus, due to the perception of a paired stimulus. In an operant evaluative conditioning scenario, the valence of an emotional stimulus is directly affected by a paired behavioral response or movement, which is often related to either approach or avoidance. Regarding this result, the anterior lean prior to image onset may have changed how participants viewed threat images, directly affecting their preferred behavioral response (e.g., E. . A clear need exists to understand the mechanisms that facilitate 
Individual Differences in Postural Responses
Dispositional differences such as trait anxiety have been shown to impact postural stability (Kogan, Lidor, Bart, Bar-Haim, & Mintz, 2008) and static balance control (Hainaut, Caillet, Lestienne, & Bolmont, 2011) . However, in this investigation, no variation existed within demographic variables and no dispositional differences existed between males and females. In addition, no gender differences or condition differences existed during feedback, indicating that the emotional manipulation was uniformly applied across trials and participants. Although previous research has found healthy young females to exhibit greater postural control compared with their male counterparts (Gribble, Robinson, Hertel, & Denegar, 2009 ), gender did not predict dispositional postural control, as assessed through maximum voluntary lean values. Generally, females also show greater emotional reactivity to unpleasant stimuli (Bradley et al., 2001b) and, more specifically, increased posterior postural responses to unpleasant stimuli during quiet standing (Hillman et al., 2004) . While subjective ratings of emotional reactivity revealed that females rated unpleasant images as more arousing and less pleasant than males, with moderate effects seen for mutilation images, gender did not predict participants' ability to maintain the target COP during feedback occlusion. Previous upper extremity force control (Coombes et al., 2008) and approach-related lower extremity movement research (Naugle, Joyner, et al., 2010; Naugle et al., 2011) corroborates the lack of gender differences in motor responses due to emotional state.
Although not the primary purpose of the current project, our findings during picture presentation are also consistent with emerging evidence that body position in relation to an emotional stimulus impacts the perception and interpretation of that stimulus. Recent research has shown that body position influences left frontal cortical activity, which is associated with approach motivation (E. HarmonJones et al., 2011; E. Harmon-Jones & Peterson, 2009; . Herein, threat stimuli improved postural control to a target in the anterior direction, but viewing erotica stimuli decreased participants' ability to maintain the anterior target. While it is known that emotions can impact behavioral outcomes, these results indicate that, in a bottom-up fashion, the outcome of emotional modulation can be moderated by environmental constraints, providing further support for embodiment theories of emotional processing (Halberstadt, Winkielman, Niedenthal, & Dalle, 2009; Markman & Brendl, 2005; Niedenthal et al., 2009) .
A final consideration concerns the rather curious patterns exhibited under unpleasant emotional conditions, In our study, the attack and mutilation images produced a biphasic COP pattern in the anteroposterior direction following picture onset (i.e., participants initially reacted with a posterior shift when feedback was removed, but rebounded back in the anterior direction). It is conceivable that, due to the highly arousing, unpleasant nature of attack and mutilation image sets, participants may have been particularly cognizant of their initial posterior postural reactions during these trials. Participants were indeed instructed to maintain the target COP position throughout the trial, but this biphasic pattern was only evident in these two emotion conditions. An increased awareness of posture and position may have led participants to overestimate their initial posterior position, compared with other affective categories, leading to an increased voluntary "compensatory" anterior COP shift. Participants may have therefore leaned farther forward in an effort to get back to their original COP displacement. These notions are consistent with previous postural research indicating that highly arousing, unpleasant emotional states lead to compromises in balance (Bolmont, Gangloff, Vouriot, & Perrin, 2002) , and participants may try to counteract balance deficits through increased conscious control of posture (Huffman, Horslen, Carpenter, & Adkin, 2009) . Cognitive effort may manifest itself as an attempt to reinvest in controlled processing (Wong, Masters, Maxwell, & Abernethy, 2008) , so future work should seek to clarify how postural reactions are differentially impacted by implicit and explicit emotional states.
Conclusions
In conclusion, our findings demonstrate that emotional states differentially impact the ability to actively control whole-body approach-oriented posture. In addition to corroborating emerging evidence that the anterior leaning position enhances approach motivation, our results provide the first evidence that emotional stimuli influence motor parameters as a function of motivational properties that impact active control of body position. Future research is needed to clarify the behavioral and motivational factors that influence sustained control of motor actions during emotion elicitation, as well as to determine whether a threshold lean position must be exceeded in anterior (and posterior) body positions to realize modulation of whole-body control under different emotional conditions. Our findings highlight the need for continued research efforts to delineate how emotional valence, arousal, and motivational direction interact with body position to influence task performance. In addition to clarifying competing theoretical positions on how emotions influence motor execution, replication and extension of this work shows promise for advancement of novel behavior based diagnostic tools to detect emotional problems via movement characteristics. We are confident that continued investigation of how emotions affect motor action will provide exciting avenues to aid the refinement of clinical recommendations for treatment of movement and emotional disorders, while also enhancing training recommendations for individuals who must perform motor skills under varying emotional conditions.
